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DETERMINATION  OF  CENTERS  OF  GRAVITY  OF  MAN 


JOHN  J.  SWEARINGEN 


ABSTRACT 

Data  are  presented  coiicemine  the  location  of  the  center  of  gravity  of  the  adult  male  in 
various  body  position^!  and  the  ability  to  shift  the  c.g.  voluntarily  with  various  body  motions. 
M^imum  ptinible  shifts  of  the  c.g.  from  that  of  an  erect  standing  posture  were  found  to  be 
IIX  in^s  toward  the  head,  10  inches  toward  the  feet,  8  inches  anteriorly,  4K  inches 
posteriorly  and  4X  inches  latei^ly. 


INTRODUCTION 

The  data  presented  in  this  report  concerning 
the  location  of  the  center  of  gravity  of  the 
adult  male  and  the  ability  to  shift  the  c.g.  with 
various  body  motions  were  originally  published 
as  a  Civil  Aviation  Medical  Research  Laboratory 
Report  in  1953  (CAA  Project  No.  53-203). 
During  the  past  nine  years  these  data  have 
proved  most  useful  in  studies  to  determine 
(1)  effective  restraint  devices  for  protection 
against  crash  forces,  (2)  flight  and  balance 
characteristics  of  one-man  helicopters,  (3)  de¬ 
sign  of  flotation  equipment,  (4)  orientation  in 
falls  and  parachute  jumps,  (5)  capsule  stabil¬ 
ity,  and  (6)  flying  platform  characteristics. 

With  the  advent  of  the  space  age  it  is  felt  that 
these  data  deserve  wider  distribution  as  they 
will  have  obvious  application  in  the  design  of 
artificial  gravity  fields,  space  work  capsules  for 
assembling  space  stations,  lunar  and  planetary 
landing  equipment,  and  locomotion  devices  on 
planets  with  gravit?.t’onal  fields  greater  or  less 
than  one  g. 

For  these  reasons  the  author  is  taking  the 
liberty  of  republishing  the  data  as  a  CARI 
report. 


EQUIPMENT  AND  PROCEDURE 

A  number  of  different  techniques  for  locating 
and  recording  the  c.g.  were  tested  and  the  fol¬ 
lowing  chosen  for  use  in  this  study.  The  equip¬ 
ment  consists  essentially  of  five  platforms 
(Fig.  la)  mounted  one  above  the  other.  The 
top  platform,  which  supports  the  subject,  con¬ 
sists  of  an  adjustable  scat  with  arm'  and  foot 
rests.  The  bottom  of  the  seat,  the  foot  rest 
and  the  arm  rests  are  adjustable  to  different 
angles  and  can  be  counterbalanced  in  each  posi¬ 
tion  by  a  sliding  weight  on  the  back  of  the  seat. 
This  adjustable  chair  can  be  rotated  about  a 
horizontal  axis  from  the  horizontal  through  ap¬ 
proximately  20°  to  a  second  position  and  locked 
in  position.  The  second  and  third  platforms 
slide  horizontally  at  right  angles  to  one  another 
by  means  of  jack  screws.  E.9ch  of  'chese  plat¬ 
forms  also  has  its  own  counterbalance  system, 
keeping  the  equipment  as  a  whole  in  perfect 
balance  regardless  of  position  with  reicrence  to 
the  bottom  platform.  I.'ctails  of  these  counter¬ 
balance  systems  are  shown  in  Fij^.  2.  The  fourth 
platform  is  separated  from  the  lx)ttom  platform 
by  means  of  a  ball  and  socket  joint  in  the  center 
and  four  electrical  contact  points,  one  at  each 
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corner  of  this  four  fool  square  platform,  .’iach 
of  these  contact  points  lights  a  light  in  its  ror- 
ner  if  the  platform  is  tilted  in  thul  direction. 
Hence,  the  platform  may  be  assumed  to  be  in 
balance  when  all  four  lights  are  out.  A  hori¬ 
zontal  scale  with  one-fourth  inch  increments 
was  mounted  on  the  supporting  structure  of 
the  tilt  chair  with  its  zero  in  vertical  alignment 
with  the  reference  point  on  the  seat. 

A  vertical  cable  was  stretched  taut  from  the 
ceiling  to  the  base  platform  in  front  of  the 
horizontal  scale  and  a  camera  sight  set  up  ap¬ 
proximately  ten  feet  from  the  platform.  The 
camera  sight,  vertical  cable  and  ball  and  socket 
fulcrum  were  in  alignment.  A  similar  arrange¬ 
ment  was  placed  at  the  end  of  the  platform  for 
/eading  lateral  displac-emeuts  of  c.g.  The  sub¬ 
ject  was  then  placed  in  the  supporting  structure 
with  the  seat  back  in  the  horizontal  position 
(Fig.  la),  the  equipment  balanced  by  means 
of  turning  the  jack  screws  and  a  reading  taken 
on  the  horizontal  scale.  This  reading  repre¬ 
sents  the  vertical  height  of  the  c.g.  of  the  sub¬ 
ject  above  the  reference  point  when  the  subject 
is  in  normal  upright  sitting  posture.  The  seat 
was  then  tilted  approximately  20**,  locked  in 
position  (Fig. ’lb)  and  rebalanced.  The  read¬ 
ing  from  the  horizontal  scale  obtained  as  de¬ 
scribed  above  wa.s  then  set  on  the  base  leg  of  a 
special  adjustable  T-square  and  the  base  of  this. 
T-square  placed  upon  the  seat  back  with  the 
zero  of  the  square  at  the  line  of  intersection  of 
the  seat  back  and  seat  bottom.  A  second  read¬ 
ing  (the  horizontal  distance  of  the  c.g.  of  the 
subject  from  the  reference  point)  was  then 
taken  through  the  camera  sight  where  the  per¬ 
pendicular  member  of  the  adjustable  T-square 
intersected  the  vertical  cable.  By  this  method 
the  location  of  the  center  of  gravity  of  the  sub¬ 
ject  was  determined  directly  with  reference  to 
the  seat. 

Although  the  total  weight  of  the  equipment 
and  subject  on  the  fulcrum  may  have  reached 
800  pounds,  the  equipment  was  sensitive 
enough  that  the  weight  of  a  silver  half  dollar 
placed  on  one  comer  would  light  the  light  in 
that  comer.  The  breaker-over  distance  the  plat¬ 
form  had  to  be  moved  by  turning  the  jack  screw 
to  turn  out  one  pair  of  lights  and  turn  on  the4)p- 
posite  pair  was  about  one-eighth  inch.  For 
h  ..  reason,  accuracy  of  reading  is  believed  to 


be  within  oue-cighth  of  an  inch  witfi  rej 
readings  on  the  sam?  subject  not  varying  m 
than  one-fourth  inch.  The  latter  variation  ' 
probably  caused  by  slight  differences  in 
position  of  the  subject  as  he  rejiiounted 
platform. 

During  this  study  it  became  apparent  tha 
any  point  on  the  pelvic  structure  was  cho 
as  a  reference  point  the  centers  of  gravity 
all  men  fell  in  a  very  small  area.  For  I 
reason  all  vertical  distances  to  the  centers 
gravity  are  measured  from  the  inferior  spine 
the  ischium.  Horizontal  measurements 
cither  from  the  anterior  or  posterior  plane 
the  body,  depending  upon  the  type  of  mot 
involved.  For  convenience  of  discussion  i 
sixty-seven  dilfeient  body  positions  studieU  : 
divided  into  three  groups:  sitting,  maximi 
displacement  of  c.g.,  and  the  effects  on  t 
c.g.  of  adding  various  weights  to  the  body. 

THE  SAMPLE 

The  number  of  subjects  tested  was  limit 
by  the  large  number  of  positions  being  studii 
Only  five  men  were  tested  in  all  sixty-sev 
positions,  but  they  were  carefully  chosen  to 
elude  a  wide  range  of  body  sizes  and  weigh 
Anthropometric  measurements  of  these  si 
jects  are  presented  in  Table  la.  In  addition 
the  five  tested  in  all  positions,  an  additioi 
twenty-seven  men  were  check  tested  in  o 
sitting  and  one  standing  position.  In  the  s 
ting  position  (Fig.  4,  B— sitting  with  hands 
lap)  the  centers  of  gravity  of  all  but  one  su 
ject  (97%)  were  found  to  fall  within  the  ran 
established  for  the  original  five  subjects.  In  t 
standing  positioil,  all  but  three  (91%)  fell  wit 
in  the  established  range.  An  analysis  of  t 
anthropometric  measurements  of  these  fo 
subjects  (Table  Ib,  subjects  number  12  sitthi 
and  7,  10,  and  24  standing)  shows  the  ve 
abnormal  distribution  of  weight  between  tl 
trunk  and  legs.  Subject  number  12  has  tl 
major  portion  of  his  202  pounds  in  his  tnii 
with  very  short,  light  legs.  His  center  of  g*  > 
ity  falls  3/4  inch  above  die  established  ran) 
for  the  sitting  pc’S'*^ion.  Subject  number  7  h 
extremely  long,  heavy  legs  and  a  short,  lig 
trunk,  causing  his  c.g.  to  tall  7/8  inch  below  tl 
established  range  for  the  standing  positio 
Body  characteristics  of  subjects  10  and  24  cau 
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their  e  g.  to  fall  1  inch  above  the  ostablisbed 
range  for  the  standing  position.  Their  anthro¬ 
pometric  measurements  are  nreseated  in 
Table  Ib. 

SITTING 

Studies  were  made  on  three  diffe>ent  sitting 
groups.  The  first  group  (Fig.  4)  represents 
man  in  the  normal  sitting  position;  that  is.  trunk 
erect,  tl'ighs  90°  to  the  trunk  and  legs  90°  to 
thighs,  and  presents  data  showing  the  effects 
upon  the  center  of  gravity  of  moving  one  and 
both  arms  to  various  positions.  In  addition  to 
the  arm  movements,  two  tests  were  made  to 
show  the  shift  of  center  of  gravity  when  the 
trunk  was  flexed  forward  from  the  sitting  posi- 
ion.  The  vertical  hcigiil  of  ttie  center  of  grav¬ 
ity  was  measured  either  from  the  seat  bottom  or 
from  the  ischium,  as  it  was  assumed  that  the 
ischium  was  in  contact  with  the  seat  bottom. 
Horizontal  distances  to  the  c.g.  in  these  tests 
were  measured  from  the  seat  back. 

The  second  group  (Figs.  5,  6  and  7)  con¬ 
cerns  itself  with  the  study  of  various  pilot  posi¬ 
tions  and  shows  the  shift  of  center  of  gravity  if 
the  arms  'are  moved  to  various  positions  for 
operation  of  controls  with  the  legs  at  the  com¬ 
fort  angle  "**’  where  the  knees  are  110®,  ±5°, 
and,  in  addition,  two  extreme  positions  for  the 
feet,  one  in  which  the  feet  are  back  under  the 
chair  and  one  where  the  legs  are  fully  extended. 

The  third  group  (Fig  8)  represents  the  com¬ 
mercial  airline  passenger  in  the  full  reclining 
position  and  shows  the  displacement  of  the 
center  of  gravity  of  the  body  for  the  passenger 
when  the  arms  are  moved  to  various  positions 
and  when  the  feet  are  on  the  floor  or  on  the 
foot  rest  nf  the  seat  immediately  in  front.  In 
this  position  the  seat  back  makes  an  angle  of 
115°  with  the  seat  cushion.  However,  since 
both  the  trunk  and  pelvis  are  reclining  at  this 
angle,  these  tests  and  measurements  were  made 
by  dropping  the  legs  to  the  115°  angle.  It 
must  be  noted  here  that  vertical  distances  of 
the  center  of  gravity  were  measured  from  the 
ischium  parallel  to  the  plane  of  the  subjects 
back,  while  hoilzontal  distances  of  tlie  c.g  were 
perpendicular  distances  from  this  plane.  In 
F  of  Fig.  8  the  passenger  is  not  reclining  but  is 
assuming  one  position  in  a  current  study  to 


determine  the  best  position  for  passenger 
the  event  of  a  crash. 

MAXIMUM  DISPLACEMENT  OF  C.G. 

In  this  study  of  shift  of  the  center  of  gra 
with  maximum  movements  of  the  body 
pelvis  remains  fixed  and  all  movable  body  p 
were  shifted  on  the  pelvis  in  a  given  direcl 
In  the  first  group  (Fig.  9)  the  shift  of  the  < 
ter  of  gravity  accompanying  various  ante 
movements  of  body  parts  was  studied  and 
corded.  This  included  flexing  the  head 
ward,  extending  both  arms  straight  forWi 
flexing  the  trunk  forward  ( note  the  sr 
amount  of  flexion  of  the  trunk  when 
pelvis  is  held  rigid ) ,  extending  the  legs  serai 
foiv'ard  and  the  final  test  in  which  all  In 
part.s  were  moved  in  unisoTi  to  the  maxim 
anterior  position.  The  center  of  gravity  \ 
measured  as  the  vertical  height  above  the 
chium  and  the  horizontal  distince  from 
posterior  body  plane. 

For  the  posterior  motions  (Fig,  10)  U 
similar  to  those  described  in  the  anterior  gre 
were  made.  These  individual  tests  were  ma 
to  determine  the  effect  on  the  center  of  grav 
for  posterior  motions  of  head,  arms,  trunk,  h 
and  all  body  parts  moved  in  posterior  directii 
Again  the  center  of  gravity  was  measured  v 
tically  from  the  ischium  and  horizontally  fn 
the  anterior  body  plane. 

In  the  study  of  lateral  shifts  of  c.g.  ( Fig.  1 
individual  tests  were  made  for  location  of  t 
center  of  gravity  With  the  head  flexed  to  t 
side,  with  the  left  arm  extended  laterally,  wi 
the  right  arm  across  the  chest,  with  the  he 
and  trunk  flexed  to  one  side,  with  the  left  1 
in  maximum  abduction,  with  the  left  leg  a 
ducted  and  the  right  leg  adducted,  and  a  fir 
test  with  all  body  parts  moved  laterally  as  f 
as  possible.  In  all  tests  the  pelvis  was  n 
moved  and  the  center  of  gravity  was  measure 
verticidly  from  the  ischium  and  horizontal 
from  the  mid-sagittal  plane. 

In  tests  to  move  the  center  of  gravity  as  f 
as  possible  tow.-ird  the  head  (cephalac 
(Fig.  12)  individual  tos’-*:  for  both  arms  e 
tended  over  the  head  and  for  both  legs  flext 
toward  the  head  as  well  as  cne  final  test,  wil 
both  legs  and  both  arms  in  maximum  cephalfi 
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direction,  were  nutde.  In  these  tests  the  center 
of  gravity  was  measured  vertically  from  the 
ischium  and  horizontally  Irom  the  posterior 
body  plane. 

Only  two  tests  were  made  for  shifting  center 
of  gravity  toward  the  feet  (caudad)  (Fig.  13), 
one  with  the  subject  standing  with  the  trunk 
flexetl  cs  far  as  possible  without  exter.ding  tl'.c 
arms  and  the  second  with  the  arms  extended. 
Here  the  pelvis  was  allowed  to  rotate  but  the 
vertical  distance  of  the  center  of  gravity  was 
measured  from  the  position  of  the  ischium  be¬ 
fore  flexion  of  the  trunk  in  order  to  show  the 
total  caudad  shift  due  to  th^e  movements. 
The  horizontal  distance  of  the  c.g.  was  meas¬ 
ured  from  the  posterior  body  plane. 

Finall}',  lusts  to  determine  shifts  of  center 
of  gravity  accompanying  maximum  abduction 
of  arm-s  and  legs  were  made  (Fig.  14  and  15). 
Individual  tests  were  made  to  determine  the 
c.g.  for  abduction  of  the  arms,  for  abduction  of 
the  legs  and  for  simultaneous  abduction  of 
arms  and  legs.  For  reference,  the  results  of 
these  tests  are  presented  first  showing  the  shift 
of  the  c.g.  in  the  free  body  as  measured  from 
the  ischium  and. secondly  the  shift  of  the  c.g. 
of  man  standing  giving  vertical  height  cf  the 
c.g.  from  the  ground. 

ADDITION  OF  WEIGHTS  TO  BODY 

Studies  were  made  to  locate  the  center  of 
gravity  of  man  sitting  and  standing  with  a 
twenty  pound  pack  on  his  back  (Fig.  16),  with 
the  center  of  gravity  of  the  pack  18-5/8  inches 
above  the  ischium  and  6  inches  posterior  to 
the  back.  The  center  of  gravity  of  man  wear¬ 
ing  this  pack  in  the  two  positions  studied  was 
found  experimentally  on  the  balancing  equip¬ 
ment  and  then  checked  by  mathematical  calcu¬ 
lations,  using  data  previously  obtained  in  this 
study  for  the  center  of  gravity  of  man  without 
the  pack.  We  were  pleased  to  find  that  the 
calculated  and  the  experimental  data  checked 
within  one-fourth  inch.  The  significance  of 
these  tests  is  obvious  as  they  show  that  the 
d«tu  presented  in  this  report  may  be  used  as  a 
basis  for  mathematical  calcula*-r>ns  of  location 
of  the  center  of  gravity  of  man  in  various  posi¬ 
tions  With  the  addition  of  various  weights  to 


the  body;  for  example,  parachul  ick  packs, 
chest  packs,  etc. 

RESULTS 

The  results  are  presented  bol  graphical 
(Figs.  4  through  16)  and  tabu  Tables  II 
through  XIV)  form  with  sma  agramatic 
figures  representing  the  Ijody  p  >ns  of  the 
subj.?cts.  For  any  one  position  f  ;ometrical 
average  of  the  centers  of  grav  f  all  five 
subjects  is  shown  as  a  black  n  Figs.  4 
through  16  along  with  an  arc  of  de  which, 
if  completed,  would  include  the  al  centers 
of  gravity  of  all  subjects. 

DISCUSSION  .4ND  CONCT.US 

It  will  be  noted  from  a  study  (  se  graphs 
that  the  variation  between  s  jbje  i  any  one 
position  is  sometimes  greater  th;  e  shift  of 
the  center  of  gravity  of  the  groi  le  to  any 
particular  motion.  Fig.  3  presci  ;tual  cen¬ 
ters  of  gravity  of  each  of  the  fi'  ting  sub¬ 
jects  for  three  different  arm  positi  nd  shows 
the  location  of  the  geometrical  a  ;es  of  the 
group.  It  will  be  noted  from  tl  'aph  that 
the  shifts  of  c.g.  of  all  subjects  f  '  a  defin¬ 
ite  pattern.  The  completed  circle  Figs.  4,  5, 
6,  and  7  enclose  areas  that  inclui  i  subjects 
and  all  arm  positions.  In  Fig  this  area 
has  a  two  inch  radius  while  a  rad  '  one  and 
one-half  inches  suffices  in  Figs.  5  nd  7. 

Analysis  of  tests  of  maximun  ft  shows 
that  man  is  capable  of  shifting  hi  .  roughly 
11-1/2  inches  toward  the  head  12),  10 
inches  toward  the  feet  (Fig.  13)  iches  an¬ 
teriorly  (Fig.  9),  4-1/2  inchi  ^isteriorly 
(Fig.  10),  and  4-1/2  inches  later;  Fig.  11) 
from  that  of  an  erect  standing  pi  j.*. 

The  maximum  shift  of  c.g.  j  i  ipanying 
the  movement  of  all  body  parts  i  ^iven  di¬ 
rection  is  not  the  sum  cf  the  sh  irodueed 
by  moving  each  part  separately. 

This  study  shows  that  in  spite  he  wide 
variety  of  body  sizes  and  mass  iributions 
tlierc  is  surprisingly  little  variatio;  the  loca¬ 
tion  of  tlie  body  c.g.  when  mea:  from  a 
reference  point  on  the  pelvis.  In  en  body 
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position  the  c.g.  'jf  at  least  90%  of  the  adult  male 
population  falls  within  a  sphere  2  inches  in 
diameter. 
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TABLE  ». 


Anthropometric  Meaiiurements*  of  Original  5  Subjects 


J- 

B. 

M. 

N. 

T. 

1. 

Ago 

39 

39 

29 

60 

39 

2. 

Weight 

152 

152 

225 

177 

113.25 

3. 

Stature 

68 

72 

69.75 

69.5 

64.75 

4. 

Sitting  Ifeight  (Anthro. ) 

34.75 

37.5 

36.5 

37 

33.5 

5. 

Trunk  Height 

23 

24.5 

24 

22.5 

23 

6. 

Eye  Level  (Anthro.) 

30 

32.25 

.31 

31.25 

28.5 

7. 

Buttocks  Kirec 

23 

24.5 

24.5 

23.5 

22.5 

8. 

Patella  Height 

21 

22.25 

22 

20.75 

19.75 

0. 

Abdominal  Girth 

30.25 

29 

38 

35 

26 

10. 

Thij^  Circumference 

18.75 

IS 

24 

20.75 

15.5 

11. 

Chest  Depth 

8 

8.25 

10.75 

9.5 

6.75 

12. 

Abdomind  Depth 

7.75 

7..5 

10 

0.5 

6.5 

•Weight  in  pounds;  all  other  in  inches 


TABLE  Ib 


Anthropometric  MeaMirwnents  of  Subjects  Usetl  for  Check  Tests 


? 

2! 

.G£ 

'Z 

X 

jt 

s 

& 

2 

-s 

e 

e 

v5 

< 

> 

Si 

-- 

u  ~- 

1 

39 

165.5 

98.5 

36.25 

24 

32 

2 

53 

205 

72 

38 

23.5 

33.5 

.1 

39 

216 

70.5 

36.5 

23 

32 

4 

41 

118 

69.75 

35.5 

21.5 

31 

5 

36 

146.5 

68.3 

35.75 

24 

32 

6 

50 

174.5 

64.5 

32 

22 

29.5 

7 

41 

164 

70.75 

32.25 

21.75 

30 

H 

39 

151 

74.75 

36 

25 

33.5 

fl 

35 

224.5 

70 

36 

25 

32.5 

10 

38 

161 

01 

31.23 

22 

28.5 

11 

57 

160 

70 

36 

21.5 

30.23 

12 

35 

202.25 

67.75 

36.25 

23.5 

31.5 

13 

29 

133. 

67.5 

35.25 

22.5 

.'’0.75 

14 

43 

175.75 

67.5 

35.75 

23.25 

31 

15 

44 

153.5 

69.25 

36 

24.5 

32.5 

16 

43 

145.5 

66.25 

35.5 

24.25 

31.5 

17 

35 

150.5 

65 

34.25 

23.25 

30.5 

18 

33 

135.5 

66.5 

34.75 

23 

30.5 

19 

29 

167.25 

73 

38 

25.2.5 

32.75 

20 

33 

137.5 

68 

35.5 

23.5 

30.5 

21 

33 

167.25 

72.5 

38 

24 

33 

22 

45 

194.5 

68.75 

30.75 

23.5 

32 

23 

29 

134.25 

69 

37.25 

24.25 

32.75 

24 

35 

1T7 

69.5 

38 

23 

31.75 

25 

31 

153.25 

69.25 

35.25 

21.5 

30 

26 

24 

147.25 

72.5 

37 

23 

31.5 

27 

30 

137.75 

69 

36.75 

24 

31.75 

l: 

e 

t 

a 

JZ 

U 

a 

mM 

J2 

.s 

& 

.s 

E 

.2 

3  .■*; 

I 

BO  ig 

2  .!: 

•K 

it 

jc 

%-B 

« 

n. 

<  y 

i-  w 

O 

24 

20 

30 

18 

9.75 

9.25 

25.7.5 

22.25 

34.5 

19 

11.75 

10.25 

2S.5 

22 

41 

i9.5 

12.5 

12 

24.5 

21.5 

28 

15.3 

9 

7.5 

21 

20 

31 

18 

8.5 

8 

22.25 

19 

36 

20.5 

10.5 

9.5 

25.5 

22.5 

31 

20.25 

9.25 

8 

•25 

22.75 

28 

18.5 

9.25 

7.25 

21.5 

20.75 

37.5 

23.5 

11 

10.25 

19.75 

irt 

36.25 

29.5 

11 

10.75 

l'B.75 

21.5 

33.5 

19 

9 

9 

.22.5 

19.5 

36 

22.25 

10.25 

10.25 

21.75 

20.25 

31.75 

17 

8.25 

7.25 

22.5 

20.5 

37 

20 

10.25 

9.75 

23.5 

20.75 

29.75 

19 

9 

t 

22 

19.5 

31.5 

19.25 

8.25 

8.5 

21.75 

18.75 

32.75 

.20 

8.5 

3 

22.5 

19.5 

28 

18 

8.5 

7.5  ■ 

24 

22 

10.5 

29.25 

10 

8 

23.5 

20.25 

27.75 

18 

7.5 

7.25 

24.25 

22 

32.25 

20 

8.5 

8 

22.5 

20 

37 

21 

9 

10.5 

21.5 

20 

24.75 

18.5 

8.25 

6.5 

23.5 

20.25 

31.75 

21 

9.25 

9 

24.73 

21 

29.5 

18 

9 

8 

24.25 

22.5 

28.75 

18.5 

9 

7 

23.25 

20 

25.5 

18 

7..5 

6.5 

-7- 


Fiouiie  la.  Technique  of  rcadini;  vertical  dkttance  of  C.  G.  from  reference 


Fir.uRE  ll).  TcchnlniiB  of  reading  horfeontal  dislonc-e  of 


Vertical  dittonce  (inches)  of  C.  6.  from  reference  point 


75  8  85  9  95  10 

Horizontal  distance  (inches)  of  C.  G.  from  reference  point 
O  Arms  ai  sides  A  One  arm  forward  □  One  arm  over  head 

Kicuhk  3.  Cpfilcrs  of  pa'  Ity  of  nil  five  .Hiil'Jccts  for  three  nnn  position!). 
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TABLE  II 

Silting  With  Sept  90®  to  Back.  Legs  90®  to  Thighs 


Horizontal  & 

Body  Position 

Lix^tion  of 

Vertical  Hange 

Av.  c.  g. 

For  Subjects 

A. 

Both  arms  down  at  sides 

(8X,  9X) 

±X" 

B. 

Both  'land^  !•>  lap 

(8K,  gx) 

±r 

C. 

One  arm  forward,  one  hand  in  lap 

(9X,  lOX) 

±X” 

D. 

Both  arms  straij^t  forward 

(9X,  lOX) 

±r 

E. 

Both  arms  extended  over  head 

(8X,  12) 

±%" 

F. 

One  arm  os'er  head,  one  hand  in  lap 

(8X,  lOX) 

±X” 

C. 

Both  arms  extended  laterally 

(8X,  IM) 

±X" 

H. 

One  arm  extended  laterally, 
one  hand  in  lap 

(8X,  lOX) 

±X" 

1. 

Both  arms  extended  posteriorly 

(8,  lOX) 

±  V 

J- 

Trunk  flexed  on  thighs, 
arms  cadended  foivnird 

(15X,  5-3/16) 

±  IX  ’ 

K. 

Trunk  flexed  on  thlg^,  arms  down 

(14-15/16,  5) 

±  IX” 

_ 

■f  •■■iisasaa*' 

- - 

ajagijiaa^^. 

•aaaaa§aafaaa«aaa 

ai«aaaiait«~ - 

.  _  «aMaaiaB|a 

|H9sis::]SH 


■ailaiaaMaaaaaaaaaiaaa 
•aaMaaMaaaaaaaiaaM  fia 
aaaaaaaaaaaaaaliaaaHiia 


-Ml 

r:::! 

_ iBaaaaaaa _ 

laaaaaaaBaMataaBiaaaBiiaiiiia 
laaaaaaafiMiaaaMaBsallllllla 
iBBaaiaa  aBaBaaaaaaaaBaa  fMBiBa 


aaaaaaa  aaBaBaai 


aalBriafai 

aaB«aaiB> 


JaBBBBBBB 


•aaaaaBaa 


aaiaaaaaaaBaaaaaaaaaf aaafl  _ _ _  _ 

■  aaaa*a*a**U*Sa  ■a*aBaSSaSSaaaS  SSaaaaBa* 

I aaSaaSaaaSaaaSaSaCa*  SaJvSaaaaaaaaaaaaaaa ■aaaaaBaSiHMBaaaiiaaa aaBaaaaaaa _ _ _ , _ _ _ _  _  _ _ 

IliaaaaaBaBaaaBaaaaaa  ■aaaaaaaaaaaBaBaaaaaaaBSBBaBBaaBaBaBBBaBaaaBiaaaaBaBBa  iBBiSlaaBBa^BaBaBBaa  lasBliaaaB^BBfaaaBBBBBMBB, 
liiaaaaaaaaaaaaaaaaaa  •aaaaaiiaaiaataiiaaaasaaaaaaaaBaaaaaaaaf  aaaaaaiaaaiaaaiaaaaa  aaaaaaaaaaa''vi  faaaaaaaljniialllaBaaiBaaail 

■  3 - c - 33-aB.  .w^u - - - aaaaaaaaaaa  iaaaiaaaataaaaataMa  •laaaaaaai  aaiiaai* - — 

aaaaaaaaaataaaaaaaaaaaaaaa  aaaalaaaaa ia»  aaBaaaaa 


aaiiaaiaataiiaaiasaaaaaaaaBaaaaaaaai 
aaiSallaaialaaaa  Maaaaaaaaaaaaaaaaaa 
aaaaai  •aaaaaa«*aa  naaaaaaaaaaaa«saiisa 
aasa  •aaaaaaaaa  aaaaaaaaaaa«a< 
laaaaaaaaaaaaaaaaaaaaaaaaaat 


Baaaa-  --- _ _ - _ _ _ _  • 

« ■§ fBff aaf • f aaaaasa •aaaaaaaaa  aaaaaaaaaaa«aaaaaaaa  aaaaaaaaaaaaa*  ta 


_ _ _ •  •aaaaa»>a^« _ _ _  ^  

vaaaaaaaaaaaaaaaaaaaaa  aaaaaa  Baaaiat  -  aaasaaaaBBBaaa laBaaaaaiBaaa 

- _ aaaaaiaaaaaaaaaaaaaaaa  taaaaaaaaaiBi  »  aaaaaaaaaBaaar  aaBaaMaaBaai 

aaaaaaaaaafaaaaaaaaaaaaaaaaaafaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaiaBaaaaBaBBBa  •aBaaaiaaaBakajaaaaaaaBiBap iaiitPBfeaaaiii 
- aaiaaaaaaaaaaaaaaBaaalaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaBBaaaat  aaaasaa  •aaaaaaaaaaaailiaaraaaaai - 


IaaaaaaaaaaaiaaaaaaaaaaaaaaaaaiiaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaasaaaBBaaaat  aaaasaa  •aaaaaBaaaaaaiiaaaraaaaaCaaaBaaMHatal 
aaaaaaaaaaaaaaaaaaaaaaaaafaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaBaaaaaaaaaaaaaa  ^aaaaaaBBaaBaBaa^aaaaBBiaafaaaaaaasaafl 

aaaaaaaaaaaaaaa jiaaaaaMaiaaaaaaaaaaaaaa  fPilfffifaffffaaafff  •aaaaaaaaaaaaaa  'aaaaaaaa  ^aaaaaaaapaiaa^.aiaf iatiiaiiMfiiitiir 
aaSaaS 


a aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaait««9aaaf •••aaaaaa  taaaaaaaaaaaaaa  »aaaaaaB»  ^aaaaaaaafaiaa^aiaaiaf  iaia—ataagiaB 
l•i••a••••li•••a  ■aaaaaaaaaaaa  •••••••  •allvaiaaaaaaaaaaaaa  ••••••••••••aaaaaBaa  •••••■  aaiaaaaiaaa'.aa  •••••i■iB|■■ii■•ni•■ 

•  ai •••••§• a !•«•• •••••••••••••••••••• •••••••••••••••••••••••••••••••••aaiv  Baa ••••••a.  ••••••» .aa•••B•a•••BBi••iit■■■i■■ 

a aaaaaaaiiaaaaaa aaaaaa «•«••••• aaaaaa ••••••••••••••••••••••••••••••••••••• »aa aaaaaBaaa^^-. apaaaaa aaaaa •••••••••!••• aaB 

- -  -  .  _  —  .  -•••••«•••••■••• —  -  --  - - - 


TABLE  III 


SiJthig  Back  Erect,  Scat  to  Back,  Ugs  50^  to  Thighs 

Location  of 

Body  Position  Av.  C.  C. 

A.  One  hand  on  stick  control,  (7K,  DX) 

one  on  control  at  side  of  seat 

B.  One  hand  on  overhead  control,  (8.  lOK) 

one  on  control  at  side  of  scat 

C.  Both  hands  on  overhead  control  (8s,  10-8/ 16) 

D.  Tnrok  flmed  on  thighs,  ( tt) 

arms  around  knees 


Horizontal  & 
Vcitical  Range 
For  Subjects 

±r 

±jt" 

±r 
±  1" 
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Vertical  distance  inches  of  C.  6.  from  reference  point 


A  B  C  D 


Ficubi!  5.  Position  of  body  C.  G.  of  pilot  operating  controls  in  various  positions;  back  erect, 
scat  00“’  to  back,  legs  tJO*"  to  thighs. 


-15- 


TABLE  IV 


Sitting  Back  Erect,  Seat  90°  to  Back, 
Legs  110°  to  Thighs 


Body  Position 

A.  One  hand  on  stick  control, 
one  on  control  at  side  of  seat 

B.  One  hand  on  overhead  control, 
one  on  control  at  side  of  seat 

C.  Both  hands  on  overhead  control 


Location  of 
Av.  C.  G. 

(9-1/16,  9X) 
(9-5/16,  10«) 
(9*,  10-9/16) 


Horizontal  & 
Vertical  Mange 
For  Subjects 


2:  V’ 
±  IK" 
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Vertical  distonce  (inches)  of  C.  6.  from  reference  point 


^  » ' umIm***  4f  ep see 

■  ■■■■•■•■■JLeaaaiaBB*  4BBBBSBBBBBBBBB«  UBBBBBBBB  ■•■BB«BBflBBaSBfaBBaBBBaaBSBMBBBaaBBBflBBflaaaBBBaaBaBBBBnaBBBBBSBBBaal 
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aaaaaluBaaaaaaaaaat  BawrjvflHalaaaaaaa  <a  laaaaaeaa  .  aaaaaaaaaaaaaaaaaaa  a  iaaa  a  Baas  aaaaaaaaiaaaaaBaaaaa  aaBaaaVaa^aaaaaaaaaB  ■ 
- X - -^awiaai  aaa  ^aaaaaa  ..  aa^  ^aaaa«  aMaaaaa  i  aaaaaaaaaaa~ - - - - —  -  -  —  a 
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a  aaaaaaaaa  a*  aaaaaa  .a  .aaaaaaaaaaaaaaaaaaaaai 


:: 
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7  8  9  10  It  12  13  14  15  16  17  18 

Horizontal  distance  (inches)  of  C.  G.  from  reference  point 


TABLE  V 


Sitting  Back  En^,  Seat  108“  to  Back 
Legs  180“  to  Thighs 


Body  Position 

Location  of 

Av.  C.  C. 

Horizontal  & 
Vertical  Range 
For  Subjects 

A. 

One  hand  on  stick  control, 

(9X,  SX) 

±  1" 

B. 

one  on  control  at  side  of  seat 

One  hand  on  overhead  control. 

(IDS.  8S) 

±  r 

C. 

one  on  oontrol  at  side  of  seat 

Both  hands  on  overhead  control 

{10-9/18,  8-15/16) 

±»” 
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Vertical  distance  (inches)  of  C.  G.  from  reference  point 


I  4 
I  3 
I  2 
I  I 
1  0 
9 
6 

t 

6 

5 

4 


7  8  9  10  II  12  13  14  15  16  17  18 

Horizontal  distance  (inches'  of  C.  G.  from  reference  point 


Ficuiue  7.  Position  of  body  C.  G  of  pilot  operating  controls  in  various  positions;  back  erect, 
seat  108°  to  back,  legs  180°  to  thighs. 


-19- 


TABLE  M 


DHpl-c«nent  of  Body  C.  C:.  of  Commercfid  Airline  Passengers 


Body  Position 

Trunk  115®.  Kneea  145® 

A.  Hinds  in  lip 

B.  Arms  across  chest 

C.  Ono  ann  ferwird 

D.  Both  amu  forward 

E.  Holding  to  neat  back 

F.  Head  and  arms  on  forward  seat 

Trunk  115®.  Knee*  flO® 

G.  Han^  in  lap 

H.  Arms  across  chest 

I.  One  arm  forward 
I.  Both  atm*  forward 
K.  Holding  to  seat  back 


Location  of 
Av.  C.  G. 


(9*.  7S) 

(9*.  7*1 
(US.  7S) 

( lOS,  8X) 

(9U,  9li/ 

(12U.  10-7/16) 

(7*.  6S) 

(8K.  7S) 

'(8X.  7») 

(8*.  7)1) 

(7*.  8)1) 


Horizontal  h 
Vertical  Range 
For  Subjects 


±  X" 

±r 

1” 


±  r 
±s" 
±  1" 
±  r 

±x" 


Vtrticol  dittanct  (inchtt)  of  C.  6.  from  ischium 


Ficvre  8.  Displacement  of  body  C.  G.  of  commercial  airline  passengers. 
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TABLE  Vll 

Disi>laa-mcnt  of  Body  C.  C.  by  Anterior  Movements 


Body  Positi,')n 

A.  Body  standing  strald^it 

B.  Head  forward 

C.  Both  anns  extended  forward 

D.  Head  and  trunk  forward 

E.  Both  logs  straight  foiward 

F.  All  body  parts  In  maximum 
anterior  position 


Location  of 
Av.  C.  G, 

(4,  5S) 

{4V  5X) 

(5«.  ^) 

(5)4.  4) 

(9,  n) 

(12,  lOK) 


Korizoiila)  & 
Vertical  Bange 
For  Subjects 

±  X" 

r 

uiS" 

±  1«" 


±  IX" 
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Vertical  distance  (inches)  of  C.  6.  from  ischium 


1ABLE  VIll 

Disjtlacement  of  Body  C.  C.  i>y  Posterior  Movements 


Body  Position 

Location  of 

Av.  C.  C. 

Horirajiitttl  u 
Vertical  Kangt 
For  Subjects 

A. 

Standing,  body  straight 

(5S,  6) 

±  IX” 

B. 

Mead  back 

(5X,  5%) 

±1” 

C. 

Arms  back 

(5K,  BK) 

±  1” 

D. 

Head  &  trunk  back 

(7«,  5X) 

±  IX” 

E. 

Legs  back 

(6X.  7*) 

±  1” 

F. 

All  body  parts  in  maximum 

(9%,  ax) 

±  IX” 

posterior  position 
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12  II  10  9  87  6  54  3  2  I  0 

Horizontal  distance  (inches)  of  C.  G.  from  anterior  body  plane 


R-: 


A  R  CD 

Ficune  10.  Displacement  of  Ixwly  C.  C.  by  posterior  movements. 
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TABLE  TX 


Dliplaoement  of  BoHy  C. 


Body  Position 

A.  Standing,  body  itraight 

B.  Head  flexed  to  side 

C.  One  ann  ertended  laterally 

D  One  ann  extended  across  chest 
t:.  Head  and  trunk  In  lateral 
flexion 

F.  Oie  leg  abducted 
C.  Maximum  lateral  movement  of 
bofli  legs 

H.  Afl  body  parts  moved  laterally 


C.  by  Lateral  Movements 


Horizontal  & 

Location  of 

Vertical  Range 

Av,  C.  C. 

For  Subjects 

(0,  5*) 

±X“ 

(  X.  5*) 

S:  X" 

(  X.  fiS) 

■t.  X” 

(  X.  6X1 

it  X” 

(IX.  5X) 

±  X" 

(IX.  0X) 

±  X” 

(Hi.  6X) 

±  X" 

(4X.  7K) 

±  rx” 

ABC 


D 
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Verticol  distonce  (inches)  of  C.G.  from  ischium 


b'icvni'.  U.  Displacement  of  C.  G.  by  lateral  niovetncnts  (pelvis  remnlnlnj'  Mxed  in  one 

position). 


TABLE  X 

Displacement  of  Body  C.  C.  l>y  Cephalud  Movements 


Body  Position 

A.  Body  standing  straight 

B.  Both  arms  extended  over  head 

C.  Both  legs  in  maximum  position 
toward  head 

D.  All  body  parts  in  maximum 
cephalad  position 


Location  of 
Av.  C.  C. 

(5.  5X) 

(5X,  8)i) 

(10*.  15) 

(11».  17*) 


Horizontal  & 
Vertical  Range 
For  Subjects 

±  V' 

± 

±  1«” 

:!■  IX" 
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1 ABLE  XI 

DispUcemcnt  of  Body  C.  G.  by  Caudad  Movements 


Body  Position 

A.  Body  standinii  straight 

B.  Trunk  and  head  in  maximum 
flexion  toward  feet 

C.  Trunk,  head  and  arms  fai  maximum 
positkm  toward  feet 


Horizontal  Sc 

Locution  of 

Vertical  Range 

Av.  C.  G. 

For  Subjects 

(5.  +!5S) 

±  X” 

(7S.-X) 

*3V 

(lOX,  -  «) 

*  IX” 

30 


_  +6 


I 


1 1  mn't  1  n  rt  i  r  m  <  n  n  1 1  i  viTujn*Lri  j.ii  i  ,.n_i  m- j ,  i+n-i  |  M  ii[\\ f-u  f  { j  j  i\  \  iiUlitl:! JtH-i  liXajiitltii.lTuTi  ti 


TABLE  XII 

Difplaoeineiit  of  C,  G.  by  Abduction  of  Arms  and  Legs 


Location  of 

Vertical  Range 

Body  Position 

Av.  C.  C. 

For  Subjects 

A. 

Standing,  body  straight 

(0,  5X) 

B. 

Both  arms  abducted 

(0,  7-1/10) 

C. 

Both  legs  abducted 

fn,  SK) 

±X" 

D. 

Both  Ie«  and  both  arms 
abducted 

(0.  8K) 

±K” 
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Vertical  distance  (inches)  of  C.  0.  from  ischium 


8 


C 


D 


Kiovhk  14.  Dlsplnwmcttt  of  Ixidy  C.  by  iibdiietion  of  arms  uml  h-j!s  (judvis  rumrdninf; 

fisotl  In  (mo  [Misftlon). 
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TABLE  Xltl 

Dlsplaconent  of  Body  C.  G.  by  Abduction  of  Arms  and  Legs 
as  Measured  from  Floor  Level 


Body  Position 

Location  of 

Av.  C.  C. 

Vertical  Range 
For  Subjects 

A. 

Body  standing  straight 

(0,  38S) 

±  IX” 

B, 

Standing,  botn  aims  abducted 

(0,  39X) 

±  IX” 

C. 

Standing,  both  legs  abducted 

(0,  3e«) 

±2«" 

D. 

Both  arms  and  both  legs 
abducted 

(0,  37*) 

±2X” 
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ical  distance  (inches)  of  C.  6.  from 


A  B  C  D 


Ficuhe  15.  Dii^placcmcnt  of  hotly  C.  tJ.  by  abdiiftion  of  nmw  and  lefts  as  measured  from 

floor  level. 
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TABLE  XIV 

DispUcement  of  C  G.  by  20  lb.  Back  Pack 
(C.  C.  of  Pack  ISIS'*  above  iscliium,  6”  Back) 


in  Sitting  and  Standing  Positions 

Horizontal  & 

Location  of 

Vertical  Range 

Body  Position 

Av.  C.  C. 

For  Subjects 

A. 

Sitting  without  pack 

(8x,  m 

±  IX" 

B. 

Sitting  with  pack 
Standing  witnoul  tMik 

{TX,  lOK) 

:t  IX” 

C. 

(5,  5X) 

±  X" 

D. 

Standing  with  pack 

(3«.  7U) 

±  X" 
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3  4  5  6  7  8  9  10  M  12  13 

Horizontal  distonce  (inches)  of  C.  G.  from  posterior  body  pione 


B 


D 


Fmuiu!  Ifl.  Dlsploccmcnt  of  C.  C  hy  20  lb,  bntk  puck  (C.  C.  of  pock  IfiH"  alwvp  Ischium. 

0"  bock)  III  "IttlnR  nnd  slnmllng  p().<illlon!i.  • 
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